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Abstract. During Runll of the Tevatroncollider, D@ collaborationhasmadeextensve searches
for the neutralMSSM Higgs bosons(¢), producedin pp collisionsat /s = 1.96 TeV. Two such
analysesaddressingnclusive ¢ productionwith ¢ — 1+ 17, andassociate@b(b) productionwith
@ — bb arereportedchere.No excessof eventsabove thebackgroundexpectatiorhasbeenobsened
in ary of theseanalysesTheresultsarecombinedo setconstraintonthe MSSM parametespace.
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INTRODUCTION

The StandardModel (SM) of particle physicshasbeenobsened to be a consistent
theory of fundamentalparticlesand their interactionsup to the enegies they have
beenstudiedalthoughoneremainingessentiaingredientthe Higgs bosonis yet to be
discovered.TheoreticatonsiderationgeachusthatSM cannotbetheultimatetheoryof
elementaryarticlesandtheirinteractionsAmongstmary othercompellingtheoriesthe
Minimal Supersymmetriextensionof the SM (MSSM) is oneof theviable theoretical
frameworks which hasthe potentialto overcomesomeof the shortcomingsof the SM
by incorporatingminimal supersymmetriparticlespectrum.

Becausef its supersymmetristructurethe MSSM[1][2] requiresatleasttwo Higgs
doubletsto generatemassedo both “up”-type and “down”-type quarks(and the re-
spectve chagedleptons).Suchatwo-Higgs-doubletnodelpredictsfive physicalHiggs
bosonsiwo CP-even Higgs bosonsh andH, one CP-oddHiggs bosonsA anda pair
of chaged Higgs bosonsH*. The MSSM Higgs sectorat the lowestorder can fully
be describedn termsof one Higgs bosonmass(Mp is chosenin CP-conservingce-
narioandMy+ in CP-violatingscenariojandtan3 = va/v1, wherevy(vy) refersto the
Higgsfield that couplesto the “up”(“down”)-type quarks.However, additionalparam-
etersviz,, Msusy, M2, 14 andmg enterat the level of radiative correctionslt is to be
notedthatthecouplingof theHiggsbosonA to “down”-type quarksuchasbottomquark
is proportionalto tanB3. Sowith respecto the SM, the productioncrosssectionfor A
in associatiorwith bottomquark(s)getsenhancedby a factorof tar?3. Furthermoreat
large tanB (= 50), thereis massdegenerag betweenthe Higgs bosonsA andh or H
dependingon thevalueof ma. Therefore thetotal productioncrosssectionfor MSSM
neutralHiggs bosons.e,, h/H/A = @ is twice that of the Higgs bosonA. Previously,
LEP experimentshave setthe massof light Higgs bosonmy, to be greaterthan 92.8
GeV[3]at95%CL.



The MSSM neutral Higgs bosons(¢) mostly decayinto bb pairs (90%) or into
1~ pairs(~ 8%). So,at the Tevatronpp — @(— bb)b(b)X andpp — ¢(— 1717)X
processeareconsideredo be the mostpromisingchanneldo look for the signatureof
MSSM neutralHiggs bosonsHerewe reporton the searchesor MSSM neutralHiggs
bosonsn theabove channelperformedoy theD@ experimen{4]. Thecombinedesults
areinterpretedn differentMSSM benchmarlscenarios[B “m{'®* and“no-mixing”.

SEARCH FOR pp — ¢(— bb)b(b)X

Theanalysifocuseson MSSM neutralHiggs bosonproductionin associatiorwith one
or two bottomquark(s)resultingin threeor four bottomquarksin the final statewhile,
CP-conserationin theHiggssectoris assumed260pb~—1! of D@ datacollectedbetween
November2002 and June2004 have beenutilized for this analysis.The dataare first
filtered using a dedicatedon line trigger designedo maximizethe signalacceptance.
The Secondaryertex (SV) taggingalgorithm hasbeenusedto selectthe b-jets. The
D@ SV b-taggingalgorithmselectscentralb-jets(pr > 35 GeV) with an efficiengy of
~ 55%while the mis-tagratefor similar light quarkjetsis about1%.

For Higgs massedetween90 and 150 GeV, the hb — bbb signaleventshave been
generatedising the Pythia[6] event generatorfollowed by the full D@ detectorsim-
ulation andreconstructionThe Pythiagenerategr andrapidity spectraof the Higgs
bosonshave beenadjustedo thosefrom NLO calculationg7]. Thelargestbackground
contritution from QCD multijet processehave beendetermineddirectly from data
while contritutions from other backgroundprocessesuchastt, Z°(— bb)+jets have
beendeterminedrom Monte Carlo.

The selectedeventsare requiredto have at leastthreeb-taggedjets (within || <
2.5) with pt > 35,20 and 15 GeV respectiely for the leadingpr jets. The invariant
massdistribution of the two leadingpr jetsin datais thencomparedwith that of the
backgroundexpectationand no excesshasbeenobsered. Fig. 1(a) shawvs the limit
on the productioncrosssectionat 95% CL, asa function of mp for tan3 = 801in “no
mixing” scenariosTheresultsarealsointerpretedn the“maximalmixing” caseandthe
limits in tanB — mp planefor bothscenariomreshavnin Fig. 1(b).
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FIGURE 1. (a) Theupperlimits onthe productioncrosssectionasa function of Higgs massand (b)
thelimits ontan3 — mp planeat95%CL.



SEARCH FOR pp — @(— T+17)X

The analysisis basedon 325 pb~! of datacollectedby the D@ experimentduring the

period Septembef002 to August2004. The signal consistsof a pair of tau leptons.
Oneof thetauleptonsis requiredto decayleptonicallyinto electronor muon,leadingto

threefinal statesignatureery, U1, andeu, wherety, represents hadronicallydecayed
taulepton.Thethreetypesof hadronicallydecayedr leptons,

« T-type 1: asingletrackwith a calorimeterclusterwithout arny electromagnetisub
clusterg(1-prong,m-like)

« T-type 2: a singletrack associatedavith a calorimeterclusterandelectromagnetic
subclusterg(1-prong,p-like)

 T-type 3: two or at leastthreetrackswith invariantmassbelov 1.1 or 1.7 GeV
respectrely (3-prong)

have beenutilized in this analysis.A setof neuralnetworks', onefor eachtype have
beenusedfor furtherdiscriminationoverthe backgrounds.

Thesignalaswell asvariousbackgroungrocessebave beengeneratedisingPythia.
Eventsarethenpassedhroughthefull chainof D@ detectorsimulationandreconstruc-
tion software. Apart from the QCD multijet backgroundwherea jet mimics an elec-
tron/muonfrom taulepton,all otherbackgroundorocessearenormalizedto NLO and
NNLO (Z° bosonW* boson Drell-Yananddi-boson)crosssections.

Thereconstructedisible massdefinedasM,is = \/(Prl + Pr2+Pr)?, wherePyg 7 is
the four vectorof the visible tau decayproductsandPr = (Fr, &, B, 0), is usedto dis-
criminatebetweersignalandbackgroungrocessesNo excessoverthebackgroundsx-
pectationhasbeenobsered. The Figs.2(a)-(b)shav the distributionsof M,;s (denoted
as‘Inv. Masse/u,tathag Er)" and“Inv. Masge, i, )" respectiely in thefigure) for
differentfinal stateswhile Fig. 2(c) displaystheuppetimits onproductioncrosssection
asafunctionof Higgsmass.
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FIGURE 2. Thedistribution of reconstructedisible massM,s (seetext) for (a) eth+u 1H channeland
(b) ent channel(c) The upperlimits on the productioncrosssectionasa function of Higgs massat 95%

CL.

T Identicalto the onesusedfor Z°%/y* — 1+ 1~ crosssectionmeasurements[8



COMBINED LIMITS

The D@ resultsobtainedfrom the above two analyseq9][10] are combinedtogether
andarere-interpretedn “m'®" and“no-mixing” scenariosFig. 3 shavs the current
Dd limits on MSSM parametespaceThe similar limits obtainedoy the CDF [11] are
alsodisplayedfor the purposeof comparison.
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FIGURE 3. The excludedregion in the (Ma,tanB) planefor the m™ and no-mixing scenariowith
U= +200GeV.

CONCLUSIONS

D@ hasperformedsearchedor the MSSM neutralHiggs bosonsand the currentD@
limit on MSSM parametespaceas themostsensitve to date Additional searclchannels
like pp — @(— 1717 )b(b)X, advancedanalysistechniquesand larger datasetwill
provide furtherscopeto improve the sensitvity in future.
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